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ABSTRACT 


This thesis describes the development of a new method 
Pi mcOmerOlulnGutme error in model following control systems. 
Mie weneatient iss:fOr first order, linear or nonlinear, 
time varying or time invariant systems with additive 
(linear) control. The errors controlled are assumed to 
tevemariscierrom extemal disturbances or from differences 
[mete wimittalsconditions of the plant and the model. 

The theory introduced is called constant error model 
PIwovmMmonCOnGrOl. [This paper describes the theory as an 
outgrowth of attempts to control a plant by feedback of an 
error between the plant and model with the error specified 
to be constant. From this, it is shown that a model may be 
Poboweamwith arbitrary error. The central result is 
that, given some error, one can find another model (control 
mo@colwmwotrcn, 1£ followed with this arbitrary error, will 
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Mitemencertles presented in this thesis were developed 
PCM GOllSceOnenescancnine Control techniques for use in 
Perebalt departure prevention. The aim was to apply model 
movowrme Control methods to the nonlinear, time varying 
pucCwGemoLead dynamic Equations of motion of an aircraft at 
critical combinations of angle of attack and angular rates. 
When it was seen that a new development in model following 
control had evolved from the research, it became the sole 
EMO yect Of the thesis. 

MWeacim-Olkowing Control 1s concerned with techniques 
which cause a physical plant to behave as much like a model 
as possible. Motyka [Ref. 1] accomplishes this by solving 
Siemplamuestate equations for their controls and then 
Seooemeueime expressions for the model states and state 
rates into these equations. That is, assuming that the 
weateersecetined by the linear, small perturbation constant 


eecutberent differential equation: 


+ oO. U (1) 


where x is the state of the plant 


uy tien tne  COntrol 





puaetitat a model is given by the corresponding differential 


Saiiae LON: 

Xn i 7 Xn” 82 Un ‘3) 
Mews desired that x = x ayy So 

m p m p 


The plant control which achieves this can be determined by 


Segoe mewting the desired relationships into the plant 


equacion: 
ee 5 fy , aaa Whe Cs 
And solving for BS Picco Mmlom am express TOlunon | the 


Peiteeimnputs which make the plant state equal to that of 
ne model . 

Problems with this method arise when equations (1) 
ana s(2) are vector equations witn fewer controls than states 
memmemwecencrolled. Also, if equation (1), which is a 
TreienmadtiGal description of a real, physical plant, fails 
Mmesetmmbe that plant accurately, errors may be introduced 
Mime mresDONSe OL the system. Finally, errors will 
Te Mitncne Plant and the model do not have the same 
DMirmenconattions, Or equivalently, in the presence of 
Eeame allan s bULrDANCES . 

Ui'emikomntvoO OL these three problems are treated by 
Moytka [Ref. 1] and Rynaski [Refs. 2 and 3]. They are 


Beowncemeiemscope O1 this paper. The theories presented 





Mercer adpply specifically to the problem of reducing the 
System error in the third case. The method, called constant 
memromemodel LOollowing Control, is developed and demonstrated 
for nonlinear, time varying, first order, single input - 


© 


Single output systems with additive (linear) control. 
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POmpeMem pur pases Of this discussion, it is assumed 
miteea plant {physical process} is given, and that it is 
Benpretely described by a first order differential equation 


fren aaditive control of the form 


a - fy (x, , t) + gy Be (1) 


mere xX LE IS S1esiwis ese jell jollenee 
tL Poetno Vartaple time 
u Pic cone Oolminput tortie plant 
ioe crho hak eile mvaryvine and nenlineair in S 


g, is constant | 


Meproedesited that the response of the plant be modified in 
ewes as [his modified response is completely described 


by the mathematical model 


Soe 


ert (ey t) # S, v (2) 
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where Xn ime tewsStace Gf etme model waich has the desired 


TES CONES 
U. HomeneneOntrol input to the system which incor- 
POMemesmEc Model and thesmlant , and 
f, Pineccneral) scimeuvaryine and nonlinear in 


x, » and f, x £ 
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A parallel model following system is chosen: 


Us 





FIGURE 1. PARALLEL MODEL FOLLOWING CONTROL SYSTEM 


Meee coec i5 the magnitude of the system error: 
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In this system, the steady-state error eens) can never be 
Zememiihess the piant and model have identical responses 


eomcnue Same input, since 
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SS K 


aid 


.@>) 
It 


imei nes that x = Xx 


eZ 





meieecwilis COmdition serves no useful purpose unless the 
Beegemeters Of tiie plant or model are adjustable, we intro- 


duce the idea of a constant (non-zero) error. 


Is 





TV. CONSTANT ERROR MODEL FOLLOWING CONTROL 


A. CONSTANT ERROR 
[ErEiourechamoimleastiie System, the error (€) is Specified 


to be fixed at some arbitrary value (e): 





Peete. CONSTANT ERROR MODEL FOLLOWING CONTROL SYSTEM 


Wemwish to determine the gain, K* , which will insure that 
mmbom@endi ction, once established, will be maintained as 


Saown in Figure 3. 





Picvremon sere LANT AND MODEL STATE TRAJECTORIES 


The state trajectory of the plant follows that of the model 


ee hmeonsStant diftference € 
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We have detined 


Pe x, (4) 
a : Ss 
So that ¢« Ix, xy | ZOMnMs ceva 
where =~ Peiemobamce OULDUL LOr 6 = 4 . Similarly, 


femiote the value of K which maintains the error constant 
at e=c« as K* and the resulting control as u* 


We now have 


= ¥ Sls Z # < * 
€ Ix, x | Ce Xp ) Sit oc Xp ) 
Sema = Kj] > € 
eee tl) m 
a “5 Sc |. a oe 
P g a D 
, k = - = * 5 
or = x, 7 & sgn Cx ) (5) 
= = z * 2 ate 
and € 0 CS MS ) sgn oon GS ) 
d : : _ 7 , 
oe [sgn (Xx, XII = 0 since (Xx, x ) is assumed 
constant ) 
ease 
SO Ky i 


JUS 





rc Hirer t Mats it Ee plant State 1s exactly + « 
meom tne model State, we may express Se Aa eex Sosa S 
MemecwOns Of xX. , X aiaUel yar ee TUN) eI ons ed Bee 
m m = m m 
and ¢ are known for any time and system control because 
maey Nave been specified. 


MewenOte irom, tie system description (Figure 2) that 


*% = ~: 
Oe u. + Up 
k= kL 
or Uy u, U. Cra 
nn ae 
and Uy K E (8) 
Pewatrens (1) and (2) may be solved for Ua and U. 4 
x. - (f, Garo ot) 
0 a a ee (9) 
p 81 
OE oe ee ee te) 
5 ae ee ee (10) 
S 5 


By substituting equations (5) and (6) into equation (9): 


> | Xn : fy L(x, ee oon OS See enol) | eee asten| s 
Pp 84 


a U and u, are not additive controls as assume 
Mi eeePlomo bat wCQUAtloOns May be solved for us and us; 


Meme sthEsewitechn f£Ollow are still. valid. 


16 





Here we define 


os : a 
fy (X_, 5 Ee ee £1 L(x, Se sch (x > ee aon 
(12) 
a * 
fy BS, 7 
1) a Oazaie Op € i) 
il m 3 3 
SO w= g 
Uy <<. Ce) 
macomercauations (7), (8), (10) and (13): 
een = Us P- u 
Dp S 
ec. Neen: Tec) eee cee 
K* a = A = ———— (14) 
Oo] o? 
% a “n r* OS eae xn f, OS ce) 
Ks = Se ee a (ies. 
Ee $y) S555) 


Eomiae@on (15) gives Us the gain which will insure that, 
“ae S = So Hie a tanner Ene proper) Cont ro 
faeeepceapolied tO maintain it there if the system is 
Piomsemroca. ft 1S Expressed solely in terms of the model 
Memmemanagestate rate, the specified error, and the func- 


Mmiomrenclarionships which define the plant and model 


responses. 


Ty 








Peon PinN) AND @HODEL STATE TRAJECTORIES 


The use of kK* 


evo mp Le: 


peat be lt; Linear, 
plant . 


we have x * 


Potions us trated. in the following 


first order, time invariant model and 
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mien u* =x * -a Sy 


US a ee b x 
uo = uU 
C= 
a € 
ee As ; 
: Os, ae exc") (x b x 
€ 
Beem equations (5) and (6): 
xe pee | mee ee SOM tae ee) | = OX. Hee 
xx = _m m m Pp m m 
a € 
(cmeatd) )eneie arden S Omen x = x 
or Ce = - lt (16) 





Pegaso. CONTROL SCHEMATIG FOR EXAMPLE 1 


Ls, 





The system was simulated on the IBM 3033 using the 
Continuous System Modeling Program (CSMP). The following 


Values were used: 


al = 10 25 (unstable impulse response) 
be= 21. 0 
e = 0.05 °° 

Mato) = 0 

Meee). =) Ont 


LEGEND 
XM 


XP © 














PesURE oa. SIMULATTON RESULTS FOR EXAMPLE 1 


‘chis value of ¢« was chosen so that the error 
following could be shown graphically. The system performs 
Caelcay stor any value of « > 0 
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Whe shake ohe (u.) Veced UMM Step dt. tt — 0s sh tine 
history of the system response for the first five seconds is 


shown in Figure Sa. 


B. STABILITY OF THE SYSTEM USING K*e CONTROL 
The question to be answered is: Will the gain K* 
eit oraecrorily control the plant if e #ece ? 
We require that, in response to an error such that 
e #¢e , the system tend toward e =c¢. That PS eeetine Ss Cate 
Ga tie plant, we Ou chen ciumow ard sete (sta tie 


eseapm lity) . 





FHGURE 6. PLANT TRAJECTORIES FOR DECREASING THE ERROR 


ae 





Puc Seow we require ¢ < 0 


e = (x, 7 SS) sen CS Sy 0 if Seme € icien) 


feocime, tne Sigenum function has no derivative since the 
Melis babe trajectory does not cross that of the model.) 


We have x," = % (oy year 


wee.” = Sa? son (x, = Sa ant) if “€.S7e Ce 


Wimemewo cases are x > x ami: Xe a Xx 
m 9) m 


oe Cora 6 (19) 


These two cases are shown in Figure 6. 


From equation (1): 


a. 4 
Ss fy CS, SE ge 
| (20) 
ere? oe ar: e 
Xp fy _ 5 be fy als 
In determining whether x," < - One fa 7 ae 


Piece ee). anda we Can examine fy CS, , i) tee SES aie 





~ 


Mmemimercases or decreases with x tarot Che Sion and 


magnitude of kK* will be determined by 
morowed (equation (15)). 
From equation (20) we have 
he xX * = CEE Sees £ zs 
. 7 Lf, (x, ) 1 So Bhd 


meonmecaquation (19), with e>e , 


Pir st Case: x > x => x * < x => 
<i mM Pp P Pp 


2 * 
me,.> t) @ ft, G&*" . t)] +2, 
: * a 
Meee, (> t) - f, (Hy , t)) > - By 


Likewise, 


Second Case: < <x => 


pe st) > £, * 2 P< - By 


Pemeany S1Ven xX , X, , € and 1 


Pp 
Mimeqiaerons (22a) and (Z22b) except K* 


the model being 


Kee eer See) SS 0 


K* (e - e€) (22a) 


Kee (en- 7.) 22.99) 


fo elerd an Eise Les 


are determined. 


Pilicecwwel wish OUr descriptions of the plant and the model 


Mem@emaroltrary, we Cannot assure that equations (22a) and 


eo oewrtl hold for all cases. 


ZS 





Dimon iistrated by Example 1, where 


tSamigweauations (22a) and (22b) : 


hewe xX equines 
m p 


Ieee ed oe ees Ko (ell @) 
Ae GeO eo (6 = ec) 
Pomme > X , (X.- x *) = - (e - 
ets (5, 2") (e - €) 


eimmece (e - €) > 0 , we require 
eee eG Od ak * 


eumilarly, for ees A Wemrequilre 


dma ke 
Mims if a < 0 , we require. |a| < |K*!| , or 


Co - sa) [age aac. Sen (X_, ao) 


E 


iememcamarttom (15). this places an unacceptable restric- 
PiOMmoOmmemomegorce Of model and e« . ff a> 0 , one or 


Vicomoen Gon tne Inequalities iS not satisfied. 
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ate 


Using the values given in Example 1, the value of A* 
fete = 1.5 seconds was found (from the simulation) to be 
Meier Here, a= 0.5 , a is not less than K* and 


fewcdan expect divergence if eee xy 
A negative step disturbance of magnitude 0.3 was super- 
imposed Cn X at t = 1.5 seconds in the simulation. The 


resulting divergence is shown in Figure /7. 


Soleo eS) le og LEGEND 
xm 


ae © 
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£ 





FIGURE 7. DIVERGENCE RESULTING FROM K*e CONTROL 


2s 





eee to (LIT EENG THE SYSTEM 


Riemiiat Static Stability (€ = 0) can be established bv 
Gakilig e€ = e. (tae iseett anewerrOGe (ee) is present in 
em@eesystem, we take that error as our new e¢«. If the 
Siror Chances, we Change ¢« . Equation (15) becomes 

K _ x = fiy eo ae . x = f, (x ees ae 
€ 3) e g, 


where the subscript N denotes a neutrally stable system, 


and 
a fix a t) Ae (x t) 
EN aS es ; ie Ne < 
x eee + S Cn, Sees X)) 
pN m m Pp 
Sane c Upy = Ky S 
4 _ rs fiy (XxX, Ae eee) Sa f, (x ae) a 
KN S ey) 


Memes point we are no longer computing a gain, but 
Mnacerim syitnesizing a control modification using 
heme ae © McMeel adeSeLhpeiOnswop plant and model 
dynamics. 

Eqeeetone (2+) gives the control which, when added to 


ew cucmmcomtrol, will cause the plant to follow the 


(e(emwinincOlstant error. If the error present in tne 
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Seem esnould Chance, the plant will foliow the model 








fem the mew error held constant. This is illustrated by 
myeon Example 1. Equation (16) becomes 
= - a z 2 
Urn Cp a) = ae sgn (xX, Ap! (25) 
XOGT (PLANT) = 
XO07T (MODEL) = 
A PepGaNi {.C.=0, 
= Peewee tlNG EAR 
PLANT QUTPUT LEGEND 
xm 
XP © 





‘9.00 0.30 0.60 0.30 1.20 1.50 1.86 2.10 2.30 2.70 3.00 


FIGURE 8. CONSTANT ERROR CONTROL SIMULATION 


ih 





The simulation was run with SS Ie Ie Oeases CUO ae Dy. 
Seopenpucs at ¢€ = I.0 and t = 2.0 seconds as shown 
iit aoure §&. 

Note that the error is constant even with e = 0 
imomaees Noe alter the discussion following Figure 1 
regarding steady state zero error, because we are no 
Tonger calculating a gain as shown in Figure 1. The present 


fommeot the system iS shown in Figure 9. 





FIGURE 9. FORM OF THE SYSTEM WITH CONTROL SYNTHESIS 


Peeenese point, if 

PeEpidicmoinssical pant is perfectly described by the 
Brant equation, and 

Peiiom@bant and the model haye the same initial 


eomcieronsen .e(0) = 0) , and 
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Meee re re mC) external disturbances {or if the mean 
disturbance is zero), then the control defined by equation 


weoewill yield zero error (or zero mean error). 


D. ERROR AND ERROR RATE CONTROL 

Me ean Error €xXists in the system, it is desired that 
meee reduced to zero in a controlled manner. Figure 10 
pow Ss a System with initial error. The trajectory of x, 


Paeeeecolstame Crror {equation (24)) is shown, as well as 


a desired response to this condition (dashed line). 









DENRFD 
QsPonsgl 


te 


Peguero. GONSTANT ERROR AND DESIRED RESPONSE 
JOS R OLS OIG SiS te Ole SAN cls Miles byw ite 


fiiem@cstmrca response May De Obtained by observing that 
the plant may be made to follow any model with constant 


aoveeebates. if we Can £ind another model (to be called 


ZS) 





micwcOnerol model) which, if followed with constant error, 
Mmueeercause the plant state to return to the model 
mumcetory, the desired response is obtained. 


(ie mehajecteny Of the control model is shown in 


Figure ll. 


X A 





eine we cONTROL MODEL TRAJECTORY 


The notations en and Com represent Wie e 1 hones 


between the plant and the model, and between the plant and 
micmeanurol model, respectively. Note that oa is held 
Senstamt, and that the trajectory of Xun causes ¢€. to 
dani Sh. 

HaoOmmrmcuine 10 the nature of Som LS Seis 2 Pls en 1s 
ieee chien ae is the same as Xn (except, perhaps, for 
mobetacomaitions). If co is non-zero, tnen ae 


ier els, + rom Xn by an amount proportional to eo 





A control model which achieves the desired response may 


be written: 


Bee ok, A Ce) sen c= = x) (26) 
where A (e,) > 0 and 
A (e_) 5) MaeaGe 
e = 0 
m 


x es ae ee oe and 
x Pa 1 x, < xX» as required. 


From equation (2): 


ae = f, Cc 5 ee coe A Ce) Soa eee Sy) (CZ) 
SO 
: a - f, (x me aes Ce) sgn Ce - x_} 
= eee ee 
S g. 





iiemeccitive control input necessary to follow the 
Someno! model with constant error is then (from 


pemeavion (24) ): 


i ‘om TIN CX on em e) 
K g1 
(22) 
Sn : f, OS Mei cea (e_) sen Ce = C5.) 
52 


iinmeauati On, (29) fin Coe Cas t) ais defined as 


the function evaluated at 


Gn. = = E Sgn on 


p cm cm 


a pe 


iiiton expression may be shown to be independent of ee 


By obsServing the six possible relationships between 


ha xX ands) x and Writing tme Expression for eé 
p m cm cm 
hor each: 
x Sfx Sx e =x - + @e 
Dp m cm cm m cm m 
Kee OX > x e Se ee + e 
p cm m cm m cm m 
xX |. > Xx e =x -e - e 
m p ein cm m cm m 
ae. ex e =- x +x + e 
m cm Dp cm m cm m 
Xx Se ee e = - x + xX - e 
cm Dp m cm m cm m 
X Epox: xX e =f Se ems ee + @ 
cm m p cm m cm m 


oy 





meonewhich, for all cases 


= =X sgn p 
cm em == (Xo P 


PIB) SO ee a oe sen - 
m ~& ( m » 5 mn x) 
amen 
ee, 2gn Coe : Xp) eee ete woen (x. : S) 
SO - ; - = - - 
Bees ao en Sor Sy a e, sgn ce A) 


itiewexpression for Uy S| elguenal 
a Bete “TN (x > Sm ? t) 
K gy 


(30) 


emo ket > A Ce) sen (x = Re} 


: xem 2 m p 
82 


where fay (x » ©; ie tS cikemr Wael Om fy evaluated 
at x = x, - ©, Sgn (x = Sy) 
beeaGguativon (350), 1f£ 8, = 8 then Uy CONES) ew 


depend On xX 
cm 


Pietibemedase, it 15 Simpler at this point to replace 


tme last term in equation (30) by Ue and calculate 


directly MS Bou 7 u. y OF 


Wa 
UI 





a ‘om TiN (Xx), ie” 2) 


P $4 (51) 

iMicecctcottomeot Che finction A co) appears: €O) be 
PeOmeEnary with unconstrained control. The plant following 
the control model in exactly the desired manner in each 
imretion run. The form of A Ce) chosen for most 
Simulations was A (o) Sc open a: e - l] , where w 
Meeewsclected to vary the speed of the response. 

TtemanlieaelOnsGrethis form Of Error control is 


mens ecrated by Continuing Example 1: 


ene, =e 
p p p 
ane Dp 
oS b x Ue 
From equation (26), a b Cue. + A (e_) son ce - a) 
. ; ; seen ich (x, - € sgn (x, = Sa) 
From equation (30), Up = i 
oe b aS A Ce) sen (Xx, = 3) 


it 





iitewexXpression for Uy Sipe es EO 


uy = ae camer (e_) Son Oe : Sy) 
- a (x, - € sgn (S. = ae 


eelectine A (e_) = [exp (3 e Fuel 


ite pr Oblemewas Simulated with the values a= + 0.5 
and b= - 1.0 as before. The plant, model, and control 
fegeimnad the same initial conditions (zero}. A step 
Gear oance was Imposed On the plant at t = 0.5 second. 


Miesresponse 1S showm in Figure 12: 


Moe (een) ) =0.5xxX (PLGON1) +U (FLANT) 
, XOGT(MGDEL) =i X (MODEL) +U (SYSTEM) 
® DELTA ‘= EXP (3.™(EM-cP5))-1.0 _ 
Sees 120 O15 URBANGE @? T=0.5 (STEP) LEGEND 
a | XH oO 
= XP © 
8 
ae 0.50 1 00 1.50 2.00 2.50 3.00 3.50 ¥.00 v.S0 5.00 





Pials 


FIGURE 12. SIMULATION USING CONSTANT ERROR 
MODEL FOLLOWING CONTROL 





The system at this point is most simply described 
from equation (351) as a feedforward control synthesizer with 


emgebetcedbDack, as Shown in Figure 13: 





PecURe tore CONTROL SY oleh GONETGURATION WITH 
CONSTANT ERROR MODEL FOLLOWING CONTROL 
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V. SUMMARY 


iiemmereiod or je0nstant error model following control 
Pecunia rized as follows: 


Mien the plant described by 
x = fy (eis tT g, u Cy) 


and the model 


ss x » t) + g, u. (2) 
Define the control model 
Se = x toe (e_) sgn OS - Syl (G25) 
Select A (e_) Sle Mencia t 
A Ce) > 0 
AF 0) =0 
: (en? ee (ap! a “ml ~ “m2 
Solve equation (1) for Us 
a fy Coa, ; 
Oe 2a ae (32) 
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iieeaquiattion (32) substitute 


f, as, BK) fiy eS yes ty) 
where 
fiy (x, er Ss t) = fy %, eit) with 
MS = Sy 2 So Sie OR = Sy 
ive result 
Pity = *em an Oo 2 ine t) 
Pp Sj 


Paton teTipuc whieh makes the plant states equal to 


those of the model, and restores this condition in the 


meesence Of error. 





V1. CONCLUSIONS AND RECOMMENDATIONS 


ieeekt is concluded that constant error model following 
Saeco vecmeme desired ¢Oal of error control for the 
Systems described in this paper. It offers the advantage 
PeeocuCenilal simplacity an that the designer can visualize 
exactly the effect of his control method on the system 
fewer comn Le atnords t)exibility in that the choice of the 
PestOrine function A (e_) is arbitrary within the few 
Sonscraints mentioned. 
Pl Gece OllOwane areas Of future research are suggested: 

OcveoLOpMcmenOL the theory with Appice Temmeue higher 
OragerheSyStems With non-additive controls. 

2. Investigation of the response of systems in which 
Eaewpiysical plant 15 mot accurately described by the plant 
equa elons .; 


en Dol vecttionmen the theory to practical problems. 


oS) 





APPENDIX A: EXAMPLE OF APPLICATION 
Poo eon NONDTNEAR SYolEM WITH 
einen ONG SCORE FICGIENTS 


assume theyblent 1s given by 


x = tx rec Ohe, 
and the model by 
ee ee ie 7" bl 
Ger ine 
eee Cor sgn (x, - 
then 


Mee Ok 
— ae 
into (A5) substitute 
“ a 
x, Terie. ogi (Xx, aX 
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METEEOD 10 


(Al) 


(Az) 


(A4) 


(AS) 


(AO ) 





then 
ee UTX yl/e Ue em Sol, (xe x.) = Ee(x = Sox ek) 

m S m ~° mp Si Si 2 a on 
p iw 


(A7) 
The system was simulated using the Continuous System 


Modeling Program (CSMP) on the IBM-3035. Time histories 


Sememe Gesponse following a disturbance at t = 0.5 
SeGomanare shown im Figures Al through AS. The system 
Serco InputelSmamunit Step at t = 0 in all cases. 


PuGvwomasS@eatre the plant Controls generated in each case. 


litemietnweases were the same except for the choice of 
Ate) 


A. hs Ce) = 5, PPieures Ail “and AZ) 


we.) = exp ion) - 1 (Figures AS and A4) 
ACe_) = exp (Ze) eee Pee ties a and AO) 
Ae.) = exp (Se) = ls Freuges Ay and A8) 
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LEGEND 


XM 


XP 


Ye 


3.60 


2.80 


2.40 


TIME 


MODEL AND PLANT RESPONSES, 


Ie = 2e, 


FIGURE Al. 
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LEGEND 


UP 





3.20 


2.890 


TIME 


PANT *CONTROL, enter) = yee 


PEGURE AZ: 


43 





LEGEND 


x 
»< 


XP 





3.20 


TIME 





exp(e,) ze dl 


HOUrln wi PLANT TRESPONSES , Ate.) 


FGCU Regio 
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LEGEND 


oO 
= 





EXP Ce) ak 


eA | SCONTROGL , Ate.) 


ELGURE Ad : 
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LEGENO 


XM 


oa 
»~< 








3.20 


2.80 


-20 


exp(2 oF) =). 


MODEL AND PLANT RESPONSES, ACe,) 


FIGURE Ad: 


46 





LEGEND 


a 
=) 





3.20 


2.80 


ie Cals 


i 


mn 


exe (2 


PLANT CONTROL, Ate) 


15 JIG Ieee FAC he 
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LEGEND 
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XM 


xP 


2.00 


al 


0.40 





Sol 


Mm 


= eco) |e 


£8 


MODEL AND PLANT RESPONSES, A(e 


ID JEG Ne ALI 
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UP 


Time 


oO 
™ 

. 
-4 





1 


3 e_) - 


exp ( 


PLANT CONTROL, Ee) 


FIGURE A8: 
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